Abstract
Introduction
Food allergy (FA) is increasingly reported after pediatric liver transplantation (LT) (2) (3) (4) (5) . The underlying pathogenesis remains unresolved. In our experience, liver transplant associated FA (LTFA) is seen in 28% of children (6) . Young age at time of transplantation and immunosuppression with tacrolimus are associated with LTFA (4, 6) . Immunoglobulin (Ig) E seems implicated in the immunopathology as most patients present IgE-mediated signs, positive skin prick testing and/or
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This article is protected by copyright. All rights reserved. elevated specific IgE for the responsible food antigen(s) (6) . The type of Ig produced by B cells is heavily influenced by help from T helper 2 lymphocytes providing cognate costimulatory molecules and cytokines for Ig class switching (7) . Tacrolimus, a calcineurin antagonist, inhibits nuclear factor of activated T cells (NFAT) signalling and T cell activation (8, 9) . The current knowledge on the influence of calcineurin inhibition on humoral immunity remains limited and no data are available on serum Ig levels other than IgE in LTFA.
IgA is thought to play a protective role in the context of FA mainly through the function of mucosal IgA. As neutralizing antibody, IgA contributes to mucosal homeostasis by limiting the uptake of antigens from the gut, hence preventing primary sensitisation or triggering of allergic reactions by food antigens (1) . Eighty percent of the body's plasma cells are found in the gut mucosa, the largest effector organ of humoral immunity. In the small intestine, these are primarily IgA-producing cells (80%). In humans, serum IgA is predominantly IgA 1 , while mucosal IgA includes a substantial fraction of IgA 2 (1, 10) . Most mucosal plasma cells produce dimers and larger polymers of IgA containing joining ('J')-chain. The 'J-chain' facilitates binding of polymeric IgA (pIgA) to the polymeric immunoglobulin receptor (pIgR). This receptor exports pIgA across the epithelial layer into the intestinal lumen (1) . At the apical membrane of the epithelial cell the proteolytic fragment 'secretory component' (SC) is cleaved of the pIgR to release pIgA containing 'J-chain' as well as SC into the gut (11) .
T follicular helper cells (Tfh), a CD4
+ subset which provides help to B cells undergoing isotype switching and affinity maturation in germinal centers (GC), play an essential role in the generation of high-affinity IgA and maintenance of the mucosal barrier (12) . The quality of intestinal IgA critically depends on the number and the nature of Tfh in Peyer's patches (13) .
To investigate the mechanism of LTFA and the potential role of IgA, we measured levels of IgA 1 , IgA 2 and 'J-chain' containing pIgA as indirect serum markers of mucosal immunity as well as specific IgA and IgE against common food antigens. Furthermore, peripheral blood mononuclear cells (PBMC) of LTFA patients were analyzed by flow cytometry in comparison with age-matched liver
Accepted Article
This article is protected by copyright. All rights reserved.
transplant patients without food allergy (LTnoFA) and food allergic patients (FA) and healthy controls (HC), focusing on Ig expression in B cells, regulatory T cell (Treg) and circulating Tfh phenotypes.
Methods

Study population
The study population consisted of 4 groups of children ( Results are shown in figure E1 (online repository). For flowcytometric analysis of PBMC, we equalled out a likely age effect on the cell populations tested by matching each LTFA patient (median age 6.92 y; range 2.5-14.9 y) with a peer of the same age (difference < 12 months) in the LTnoFA (7.6 y; 2.3-14.9 y) and HC (6.1 y; 2.5-14.2 y) group. In the FA group only 21 age-matched individuals could be included (6.1 y; 1.5-13.8 y).
LTFA and LTnoFA patients were recruited within the departments of pediatric gastroenterology of Cliniques Universitaires Saint-Luc (Brussels, Belgium), Hospital Jeanne de Flandre (Lille, France)
and Ghent University Hospital (Ghent, Belgium). HC consisted of children admitted for minor day care surgery (urology, ophthalmology, dental care) under general anaesthesia at Ghent University
Hospital without any previous history or symptoms of atopy or FA. FA patients were recruited in the pediatric gastroenterology clinic of Ghent University Hospital.
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This article is protected by copyright. All rights reserved. Immunoreactive bands were revealed by chemiluminescence (GE Healthcare, Pittsburgh, USA) and detected by Chemidoc XRS apparatus (Bio-rad, Hercules, USA). Quantification was made by
Quantity One software (Bio-rad, Hercules, USA). Results were expressed in arbitrary units, as corrected for a standard of purified human J-chain, and then as a ratio on total IgA levels. 
This article is protected by copyright. All rights reserved. Since IgA was increased in LTFA, we looked at serum markers of mucosal IgA. We found that the ratio of serum IgA 2 and J-chain containing pIgA on total IgA were higher in LTFA compared to HC (p=0.002; p=0.003) ( fig. 2 ).
Discussion
We investigated humoral and cellular immunity in pediatric LT patients with and without FA compared to HC and FA patients in search for factors that could be associated with LTFA. specific IgA levels in serum but not in feces, in contrast to tolerant mice who had increased levels in feces but not in serum (19) . A disturbed integrity of the gut membrane or impaired transepithelial transport of IgA can lead to a deficiency in secretory IgA and a subsequent rise in serum IgA. In analogy with our findings, pIgR deficient knock-out mice present a remarkable increase in
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preferentially dimeric serum IgA (20) . These mice have a strong predisposition for anaphylaxis, lack secretory IgA and exhibit aberrant mucosal leakiness with increased uptake of food proteins and commensal bacteria (21 
in peanut allergic children. The impairment in Th17 response was unique to FA and not seen in atopic patients without FA.
Treg play a primary role in controlling adaptive immune responses and maintaining tolerance to selfantigens and harmless non-self-antigens, including food-borne antigens (30) . Several studies suggest deficiencies in allergen-specific Treg in allergic diseases (31) (32) (33) (34) (35) . Both natural and induced CD4 + CD25 + foxp3 + Treg were found to be decreased in all LT compared to HC.
The changes observed in LTFA are not encountered in FA patients, which is indicative that LTFA patients represent a unique population.
The strength of this study lies in the investigation of a considerably large, well-defined group of pediatric LTFA patients. In the LTnoFA and HC groups, we excluded patients with asthma, allergic rhinitis or atopic dermatitis. In the LTFA and FA groups, asthma and allergic rhinitis did not occur, however, respectively 9 and 6 children also suffered from atopic dermatitis. Therefore, the observed differences might not be ascribed to FA only, the presence of atopic dermatitis in the same patients might also play a role. Because of the retrospective nature of this study, any observed difference might be either cause or consequence of LTFA. However the results presented here are a solid basis for future prospective studies on the pathogenesis and risk factors for LTFA. Since LTFA significantly affects the daily life of a substantial proportion of pediatric LT patients, there is a need to review our current immunosuppressive regimens and consider more 'Treg friendly' drugs such as rapamycin, an mTOR inhibitor, which has been shown to facilitate the development and survival of Treg (36, 37) .
In conclusion, LT has an impact on humoral immunity. Serum IgA is significantly increased in LTFA.
The exact mechanism and the precise link with LTFA needs to be further elucidated. The increase in serum markers of mucosal IgA, food allergen specific IgA and circulating Tfh cells point towards a disturbance in intestinal immune homeostasis.
This article is protected by copyright. All rights reserved. Wilcoxon-matched-pairs signed rank test was used to compare groups mutually with Bonferroni post test. * p=0.001; ** p=0.003; *** p<0.001; **** p=0.002. and children with chronic parenchymal liver disease (CLD). Mann-Whitney U test was used to compare groups mutually with Bonferroni post test. * p<0.001; ** p=0.004; *** p=0.003; **** p=0.02; ° p=0.002; °° p=0.007.
In liver transplant patients transplanted before July 2003, the immunosuppressive protocol consisted of a peroperative bolus of 10 mg/kg methylprednisolone, followed by maintenance
